An integrative shuttle vector, pZMOCP1, was constructed by ligating EcoRV digests of the plasmid cloning vector pBluescript and pZMP1, a cryptic plasmid of Zymomomzs mobilis PROIMI Al. The 7.2-kb plasmid pZMOCP1 replicated in Escherichia coli and could also be transferred from this host by electroporation to Z. mobilis ATCC 29191. The transformants were selected by ampicillin resistance. The integrative characteristic was detected by hybridization in situ. The vector was stably maintained in Z mobilis after 200 generations without selective pressure.
Introduction
Zymomonas mobilis is an anaerobic Gram-negative bacterium capable of producing almost theoretical yields of ethanol from glucose and has been shown to be a promising alternative to yeast for the industrial production of ethanol [l-3] reaching high ethanol concentrations (10%) [ 11. However, the range of substrate utilized by this microorganism is restricted to glucose, fructose and sucrose, and this severely limits its commercial use. It is possible to increase the substrate range of this microorganism by genetic manipulation [4] .
Different studies have shown that plasmids having a broad host range can be conjugally transferred from Escherichia co/i to 2. mobilis, as in the case of * Corresponding author. Fax: + 54 (81) 330 087. RR1 plasmid containing a lactose transposon, Tn951, and be stably maintained [5, 6] . Browne et al. [7] have reported that pNSW601 transformed Z. mobilis and was stably maintained in it. However, these plasmids are not suitable cloning vectors for the introduction of foreign genes into 2. mobilis, since they have high molecular masses [4] . The construction of shuttle vectors using replicon sequences of indigenous plasmids of Zymomonas plus replicative and resistance marker sequences of E. coli plasmids such as pBR322 and pACYC184 was previously described [4, 8] . However, although such vectors replicate stably in Zymomonus, there are reports that they can interact with indigenous plasmids or with host chromosome [9] . On the other hand, the availability of shuttle vectors for use in E. coli and Z mobilis will aid the genetic investigations of Z. mobilis by means of genetic engineering [lo] . In this way the development of integrative vectors is con-sidered a valuable tool for genetic engineering and molecular biology to obtain stable recombinant microorganisms with desirable properties. This work describes the construction of a new plasmid shuttle vector which can be efficiently transferred from E. coli to Z. mobilis by electroporation.
The constructed vector replicates efficiently in E. coli and has the integrative property when it is transferred to Z. mobilis.
Restriction enzymes, phosphatase, and T4 ligase were purchased from New England Biolabs Inc. (Beverly, MA) and used according to the recommendations of the supplier. Electrophoresis of plasmids and restriction fragments was performed in a submarine gel of 0.8% (w/v> agarose. The gel and running buffer was Tris-acetate/EDTA as described by Sambrook et al. [ 121.
Materials and methods

Bacterial strains
Electrophoresis was carried out at 10 V cm-' for 3-4 h at room temperature. Gels were stained with 1 pug ml-t ethidium bromide solution and visualized on an ultraviolet transilluminator.
For determining the molecular mass of restriction fragments by agarose gel electrophoresis, DNA of A phage digested with Hind111 was used as marker. E. coli XL I-Blue, and Z. mobifis PROIMI Al and ATCC 29191 were used in this study.
2.5. Plasmid purification
Plasmids
pB1uescript (Stratagene) and pZMP1 (isolated from Z. mobilis PROIMI Al) were used to construct the shuttle vector plasmid.
The plasmids were recovered from agarose gel using a GeneClean II protocol (Bio 101, La Jolla, CA). 1. E. cofi XLl-Blue was grown in Luria broth with tetracycline 8 Fg ml-' at 37°C. LB medium containing 5-bromo-4-chloro-3-indoleil-P-D-galactoside (X-gal) and isopropylthio-/3-D-galactoside (IPTG) was used to screen the E. co/i XLl-Blue colonies transformed with pZMOCP1. Ampicillin (Am) was used in E. coli and Zymomonas transformants at a concentration of 200 pg ml-'. E. coli was transformed using the calcium chloride and rubidium chloride procedure as described by Sambrook et al. [ 121. Z. mobilis strain was transformed using an electroporation technique according to Lam et al. [ 131, using a pulse of 7.5 kV cm -' range for 7 ms.
Hybridization in situ
We used the protocol of Sambrook et al. [12] . The pZMP1 probe was made according to the Biolabs protocol (NEBlot Phototope Detections Kit). The hybridization membranes were purchased to Amersham, and the photographic films to Kodak.
Plasmid preparations and analysis
Results and discussion
Plasmid DNA was isolated from E. co/i using the method described by Bimboim and Doly [I 11 . Plasmid DNA was isolated from Zymomonas by using a modified procedure of Bimboim and Doly that includes the use of lysozyme, and purified by phenol/chloroform extraction and ethanol precipitation.
A Z. mobilis strain has been isolated in our laboratory from spontaneous sugarcane juice. This isolate was able to produce high ethanol concentrations from sucrose and, in addition, showed a marked capacity to flocculate. These characteristics are important in the industrial production of ethanol, above all if a continuous process is used [14]. 
I. Shuttle vector construction
A 4.2-kb plasmid named pZMP1 was isolated from the Z. mobilis PROIMI Al strain, and digested with a variety of restriction endonucleases; the physical map is shown in Fig. 1 . pZMP1 had no sites for Mb01 and HpaI. The plasmid restriction pattern is different to that reported for other plasmids of Z mobilis [10,15-171. Digestion of pZMP1 or pBluescript with EcoRV produced a single fragment.
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EcoRV-cut pZMP1 DNA was ligated with EcoRVcut pBluescript DNA with T4 DNA ligase, and E. coli XL1 Blue was transformed. The white colonies resistant to Am were selected and used for plasmid isolation. The restriction enzyme analysis of the isolated plasmids was used to select the desired hybrid plasmid, in which a EcoRV fragment of pZMP1 was inserted into the EcoRV site of pBluescript, designated as pZMOCP1; the same analysis showed that no deletions occurred in the obtained hybrid vector as consequence of transformations in E. coli.
pZMOCP1 was transferred to Z. mobilis ATCC 29 19 1 by electroporation (500 transformants per pg DNA) and the transformants were selected by Am resistance (200 pg ml -I>. This strain was used as host because the plasmid pattern of pZMP1 used in the construction is not present and also because this strain resisted Am only to 75 pg ml-' (O.D. Delgado et al., unpublished results). The resistance marker (Am, 200 pg ml-') was stable after 200 generations. It was not possible to isolate pZMOCP1 from transformed Am-resistant Zymomonus strains, either in mini or maxi preparations. The presence of the vector was revealed by hybridization in situ using pZMP1 as probe (see Materials and methods) (Fig. 2) . As far as we know, this is the first evidence of an integrative shuttle vector for Z. mobilis. This could be used as tool for genetic manipulation and for genetic mapping in our Zymomonas strain. In this way we intend to characterize the insertional sequence present in the vector and in the chromosome.
